1. Introduction {#sec1-ijerph-15-01910}
===============

Recently, nutrition related health problems, like diabetes, obesity, cardiovascular diseases, and cancer, are frequently diagnosed, and found to have significant impact on human health \[[@B1-ijerph-15-01910]\]. According to an estimate by World Health Organization, 80% of the aforementioned chronic disease burden is due to the lifestyle and dietary factors \[[@B2-ijerph-15-01910]\]. Thus, it is essential to improve life style and dietary intake by taking balanced and nutritionally healthy diet to overcome various adverse medical conditions \[[@B3-ijerph-15-01910]\].

Nutritional knowledge is one of the important factors for selection of healthy and nutritious diet \[[@B4-ijerph-15-01910]\]. Improper nutritional knowledge is one of the main causes for nutritional problems, which adversely affect dietary practices. Also, understanding of nutritional attitude and beliefs of the community are essential factors to improve healthy eating, effectively \[[@B5-ijerph-15-01910]\].

Dietary habits and nutritional status has been shown to have strong relationship with cardiovascular diseases biomarker in students \[[@B6-ijerph-15-01910]\]. Young people are usually prone to adopt unhealthy dietary habits. Poor dietary habits, such as skipping of breakfast, low intake of milk, fish, fruits and vegetables, and high intake of fast food, sweets, and sugar-sweetened beverages are present in young university students \[[@B7-ijerph-15-01910]\]. Students, living away from their homes consume fewer amounts of vegetables, fruits and meat \[[@B8-ijerph-15-01910]\].

A mobile population, consisting of international students, moves from their origin countries to carry on their higher studies in host countries \[[@B9-ijerph-15-01910]\]. Earlier, a study stated that migration may have negative impact on health status because of dissimilar environment \[[@B10-ijerph-15-01910]\]. One study reported that a majority of students who migrate to the United States (US) gain weight and also there is a gradual shift in the dietary patterns of international students to an American diet \[[@B11-ijerph-15-01910]\]. In the case of China, the number of international students has increased sharply over the past few years. According to a study, 397,635 international students came to China for the completion of their studies in 2015 \[[@B12-ijerph-15-01910]\]. Recently, China launched one road one belt policy; more international students are expected to come to China in education exchanges. Proper nutrition planning and guidance may be helpful for this population to maintain good health and nutritional status.

Because of the limited data, a study needs to target both international and local Chinese university students for determination of nutritional status, KAP and dietary intake. Up to our best knowledge, this is the first study which aims to associate and compare the nutritional status, KAP and dietary intake of international students with Chinese students in Nanjing, China.

2. Methods {#sec2-ijerph-15-01910}
==========

2.1. Ethical Approval {#sec2dot1-ijerph-15-01910}
---------------------

The study was approved by ethical review board of Nanjing Medical University (NJMUIRB (2018)003).

2.2. Study Population and Inclusion Criteria {#sec2dot2-ijerph-15-01910}
--------------------------------------------

A comparative study was carried out by targeting international and Chinese undergraduate students at Nanjing Medical University. The data was collected between October 2017 and March 2018. Participation in the study was anonymous, confidential and voluntary. Data comprised 340 international students and 430 Chinese students, out of which 22 international and 37 Chinese students were excluded due to missing important information. A total of 701 medical students (308 international (43.9%) and 393 Chinese students (56.1%)) were included in the final analysis. An inclusion criterion was set for the international students as healthy individuals born outside from China and were staying in China as international students. Healthy individuals born in China having Chinese nationalities were considered as Chinese students.

2.3. Data Collection {#sec2dot3-ijerph-15-01910}
--------------------

### 2.3.1. Pretesting of Questionnaire {#sec2dot3dot1-ijerph-15-01910}

20 students for pre-testing of questionnaires were selected. Time duration for filling of questionnaire and anthropometric measurements was noted. Unnecessary questions were excluded. The questionnaire was written in English as well as in Chinese languages.

### 2.3.2. Socio-Demographic Economic Characteristics {#sec2dot3dot2-ijerph-15-01910}

A self-administered questionnaire was used to obtain respondents socio-demographic information including age, sex, educational level, financial status, country, sleeping duration and physical exercise. In financial status categories, non-satisfactory indicates low income (struggling to meet their immediate needs), satisfactory indicates average income and very good indicates upper class (having more savings to spend on luxuries) \[[@B13-ijerph-15-01910]\].

### 2.3.3. Anthropometry {#sec2dot3dot3-ijerph-15-01910}

Weight was measured on beam-scale to the nearest 0.1 kg without shoes while wearing minimum clothing. Height was measured to the nearest 0.1 cm with bare feet on a stadiometer. Body mass index was calculated as Kg/m^2^ and categorized into underweight (BMI \< 18.5), normal (18.5--24.9), overweigh (25--29.9) and obese (≥30) by following international classification for BMI \[[@B14-ijerph-15-01910]\]. Percent body fats were measured by TANITA MC-780MA bioelectrical impedance analysis (Tanita Corp, Tokyo, Japan). Tanita BIA body fats ranges for healthy adults were used \[[@B15-ijerph-15-01910]\].

### 2.3.4. Students' Nutrition Knowledge, Attitude and Practices Scores {#sec2dot3dot4-ijerph-15-01910}

A nutritional KAP questionnaire with close ended questions was developed and tested prior to formal investigation. KAP was evaluated using a number of questions rather than a structured questionnaire. As in literature, previously, researchers also used individual questions for KAP rather than a structured questionnaire \[[@B16-ijerph-15-01910]\]. Nutritional knowledge consists of 6 questions in True/false format followed by two questions each for attitude and practice section, respectively. In total of 10 questions, correct answer was given 1 score. No negative scoring was given on false answer. Total score was summed up for every individual \[[@B17-ijerph-15-01910]\]. Maximum score was 10. The content of questionnaire was developed on the basis of a previous study \[[@B18-ijerph-15-01910]\] and validated by nutrition experts from the university. To find validity of KAP questionnaire, spearman correlation was used. Spearman correlation coefficient for each question score with totally score was more than 0.3 with *p* \< 0.001. Moreover, the Cronbach's Alpha coefficient was more than 0.6, which showed the reliability of KAP questionnaire. According to Moss et al. Cronbach's Alpha coefficient more than 0.6 is acceptable \[[@B19-ijerph-15-01910]\].

### 2.3.5. Dietary Assessment Tool {#sec2dot3dot5-ijerph-15-01910}

The dietary consumption of the respondents was assessed by semi quantitative food frequency questionnaire (FFQ). The dietary intake assessment tool was created to include food groups that are important when studying dietary habits, which was based on the questionnaire, adopted and validated to other FFQs for university students with some modification \[[@B20-ijerph-15-01910],[@B21-ijerph-15-01910]\]. The participants reported their dietary information of the commonly used food items mentioned in food frequency questionnaire during the past 1 year. The food frequency list contained cereals (wheat flour, rice, noodles etc.); meat and products (beef, pork, mutton, chicken, etc.); dairy (milk, cheese, yogurt, etc.), fast food (chips, pizza, burger, etc.); fruits (apple, banana, mango, etc.); vegetables (green leafy vegetables, cabbage/cauliflower, pumpkin etc.); drinks (carbonated drinks, tea, coffee, etc.), nuts and legumes. Frequency of each food was assessed by 6 categories: \>1 time/day, 1 time/day, 3--6 times/week, 1--2 times/week, 1--3 times/month, never/seldom \[[@B22-ijerph-15-01910]\]. Furthermore, dietary intake between international and Chinese students was compared.

2.4. Statistical Analysis {#sec2dot4-ijerph-15-01910}
-------------------------

Data was analyzed by statistical package for social sciences (Version 21; SPSS Inc., Chicago, IL, USA). Descriptive data were expressed as n (%), mean ± SD and median (IQR). Independent samples *t*-tests were used for comparison of normally distributed continuous data, while Mann Whitney tests were used for not normally distributed continuous data. Chi square tests were executed for comparison of categorical variables. Multiple linear regressions were used to find association of nutritional status with determinants. A *p* \< 0.05 was considered significant.

3. Results {#sec3-ijerph-15-01910}
==========

3.1. Baseline Characteristics of International and Chinese Students {#sec3dot1-ijerph-15-01910}
-------------------------------------------------------------------

The baseline characteristics of international and Chinese students are presented in [Table 1](#ijerph-15-01910-t001){ref-type="table"}. The mean age of international students was significantly higher (*p \<* 0.001) than Chinese students. As a whole, the percentage of females was higher than males. The maximum numbers of international students were from first year (28.9%) while in Chinese the maximum were from 2nd year (41.7%). The financial status of more international students (26%) was very good compared to Chinese students. Based on BMI classifications, the prevalence of overweight (16.1%) and obesity (9.0%) was higher in international students as compare to Chinese students. As for sleep duration, 35% of international student were having short sleep (\<6 h/day) as compare to 5.6% of Chinese students. There were statistical differences regarding age, education, financial status, BMI and sleeping time (*p* \< 0.05). The description of students according to countries has been shown in [Supplementary Materials Table S1](#app1-ijerph-15-01910){ref-type="app"}.

3.2. Comparison of Anthropometric and Life Style Variables According to Gender in International and Chinese Students {#sec3dot2-ijerph-15-01910}
--------------------------------------------------------------------------------------------------------------------

The mean percent body fats of international males were significantly higher (*p* \< 0.001) than international female students and Chinese male was higher than Chinese females' students ([Table 2](#ijerph-15-01910-t002){ref-type="table"}). Also, the mean percent body fats of international male and female students were significantly higher (*p* \< 0.001) than Chinese male and female students. As for BMI, the median BMI of international males was higher (*p* \< 0.001) from international female students and Chinese males from Chinese female students. Also, the median BMI of international male and female students were significantly higher (*p* \< 0.001) than Chinese males and females. A significant (*p* \< 0.001) difference in sleeping time of international and Chinese males, and international and Chinese females were also observed.

3.3. Comparison of Nutritional KAP between International and Chinese Students {#sec3dot3-ijerph-15-01910}
-----------------------------------------------------------------------------

[Figure 1](#ijerph-15-01910-f001){ref-type="fig"} depicts the comparison of Nutritional KAP scores between international and Chinese students. The KAP scores of Chinese students were significantly higher than international students (*p \<* 0.0001). Furthermore, Chinese males and females were higher KAP scores than international males and females respectively (*p \<* 0.0001). Also, as a whole, male students were having statistically lower (*p* = 0.003) KAP scores than females students (data not showed). The correct responses about KAP of international and Chinese students have been shown in [Supplementary Materials Table S2](#app1-ijerph-15-01910){ref-type="app"}.

3.4. Comparison of Dietary Consumption between International and Chinese Students {#sec3dot4-ijerph-15-01910}
---------------------------------------------------------------------------------

[Figure 2](#ijerph-15-01910-f002){ref-type="fig"} shows comparison of different food items between international and Chinese students. The consumption of milk on daily basis was significantly (*p* \< 0.001) higher in international students. More than 50% of Chinese students were eating significantly (*p* \< 0.001) more eggs on daily basis as compare to 32.8% of international students. Daily consumption of poultry was high in international students while beef and pork consumption was higher in Chinese students. Fish eating was significantly (*p* \< 0.001) more common on weekly basis in Chinese students. As for green leafy vegetables, the daily percentage was recorded significantly (*p* \< 0.001) more in Chinese students. Moreover, fast foods and carbonated drinks consumption were significantly (*p* \< 0.001) higher in international students on weekly basis.

3.5. Association of Nutritional Status with Determinants {#sec3dot5-ijerph-15-01910}
--------------------------------------------------------

Multivariate models confirmed an independent association of nutritional status based on BMI with sex, educational level, sleeping duration, physical exercise and nutritional KAP scores ([Table 3](#ijerph-15-01910-t003){ref-type="table"}).

4. Discussion {#sec4-ijerph-15-01910}
=============

The current research set out to investigate nutritional status, nutritional KAP and dietary consumption in international students with Chinese students.

Nutrition knowledge might be an influential factor for improving nutritional status as it may lead to good dietary attitude and practices, which ultimately boost nutritional status. Students with greater nutritional knowledge adopt good dietary habits. Earlier, a study showed that students having greater nutritional knowledge consume less unhealthy fats and cholesterol \[[@B15-ijerph-15-01910]\]. In our study, we found that Chinese students had more nutritional KAP scores as compare to international students. We have been unable to trace any literature regarding comparison of KAP scores between international students and local students.

The prevalence of overweight and obesity in our study was 12.8% and 5.4% respectively, higher than a previous study in Chinese medical students \[[@B23-ijerph-15-01910]\]. The reason may be change in dietary habits and life style of the medical students over the decade. As according to our hypothesis, the prevalence of overweight and obesity in international male and students were higher than Chinese male and female students. Also, BMI for both male and female international students were higher from Chinese male and female students. Similar to our data, a study in Chinese university students showed mean BMI for males (21.5 kg/m^2^) and females (21.9 kg/m^2^) \[[@B24-ijerph-15-01910]\]. In contrast to our study, a Chinese cross-sectional study reported 8.3% overweight and 3.0% obesity in international students, and 18.3% of overweight and 6% of obesity in Chinese students \[[@B25-ijerph-15-01910]\]. The data showed by the aforementioned study include participants from both medical and non-medical background but the respondents in our study were from medical background. Moreover, the combined prevalence of underweight in both groups was more than 10%. These results were in line with a Serbian study, where the prevalence of underweight in university students was also more than 10%. Because body composition and BMI are associated with physical and emotional wellbeing lead to eating disorder as well as academic pressure and not consumptions of regular meal, which leads to underweight \[[@B26-ijerph-15-01910]\]. Another possible reason for underweight in international students may be negative effect of adoptability to new environment. On the other hand, Chinese students are more conscious about their slimness, may lead to high percentages of underweight. Our results were in contrast in terms of underweight with a Chinese study, which showed more percentage of underweight students in international students compared to Chinese students \[[@B25-ijerph-15-01910]\].

Increase in fats content and decrease in cardio-respiratory endurance, significantly increases cardiovascular risk. In our study, the mean percent body fats of all female medical students was 30.5%, higher from an earlier study in medical female students, where the mean percent body fats were 24.4% \[[@B27-ijerph-15-01910]\]. Also, in our study, international female students were having higher percent body fats (33.1%) compared to Chinese female students (27.9%). Similarly, we found that the mean body fats % of male students were 19.5%. Inline to our study, a Polish study reported 19.3% of percent body fats in male medical students \[[@B28-ijerph-15-01910]\]. Furthermore, we found that the body fats percentage of male international students were alleviated from normal ranges and were significantly higher than Chinese male students. The reason might be differences in life style and dietary habits between the two groups.

As for the daily numbers of hours sleep, we found that Chinese male and female students were found to have good habits of complete sleep (more than 6 h) as compared to international males and females students. Sleep of less than 6 hours is considered as short sleep \[[@B29-ijerph-15-01910]\]. A study found that both short and long time spent in bed and poor sleep quality is having positive relationship with overweight and obesity \[[@B30-ijerph-15-01910]\]. Short sleep might be another reason for high fats percentages and BMI in international students.

International students may have freedom to adopt new life style choices e.g., eating habits either good or bad, sleeping routines, exercise, etc. \[[@B25-ijerph-15-01910]\]. Dietary habits can be a factor for determining nutritional and health status \[[@B17-ijerph-15-01910]\]. Consumptions of balanced and healthy diet containing variety of food are accepted \[[@B31-ijerph-15-01910]\]. We found that consumption of milk was higher in international students. Eggs, one of the most nutritious foods, with significant proteins, minerals and vitamins, could be included in diet for all ages, and especially for those at risk of low nutrients intakes. Also, daily consumption can help in improvement of dietary habits and nutritional status \[[@B32-ijerph-15-01910]\]. Due to importance of egg consumption in young age, we investigated that daily egg consumption was high in Chinese students (53.4%) as compared to international students. These figures are not satisfactory in young age people, who need more nutrients for their nourishment. Another good dietary habit is eating of fish in young people. Weekly consumption of fish was high in Chinese students. Similar to our study, a study in Poland stated that 46% of university students either never eat fish or eat occasionally \[[@B33-ijerph-15-01910]\]. Also, meat (beef and pork) consumption (once/week) was high in Chinese students. A Serbian study documented that 80.1% of students consumed meat twice a week \[[@B26-ijerph-15-01910]\]. High consumptions of fruits and vegetables have been associated with lower risk of all causes of mortality \[[@B34-ijerph-15-01910]\]. However in our study, this consumption was low in both international and Chinese students group. Previously, a study reported low consumption of vegetables and fruits in medical university students \[[@B35-ijerph-15-01910]\]. In vegetables, we found that the consumptions of green leafy vegetables on daily basis were higher in Chinese students as compare to international students. Fast food, a high energy-dense diet, low in fiber, and poor in micronutrients, associated with unhealthy weight gain and obesity \[[@B36-ijerph-15-01910]\]. In our study, most students consumed fast food on weekly basis, but this percentage was found more in international students. A study in medical students showed that 60% of the medical students consume fast food from weekly basis to monthly basis \[[@B36-ijerph-15-01910]\]. Another study reported that in US adults 57% of 18--29 years eat fast food on weekly basis and 33% eat on monthly basis \[[@B37-ijerph-15-01910]\]. Among the university students, an unhealthy dietary habit was consumptions of carbonated drinks. Weekly consumption of carbonated drinks was recorded 63.0% in international students, almost double of Chinese students. It is well documented that consumption of carbonated drinks is high in young age group (19--39 years) \[[@B38-ijerph-15-01910]\]. Consumption of sugar sweet beverages has been associated with weight gain, overweight, obesity and colonization of oral cavity by fungi \[[@B39-ijerph-15-01910],[@B40-ijerph-15-01910],[@B41-ijerph-15-01910]\]. A study in university students showed that most (80%) of the students take carbonated drinks more than four times a week \[[@B7-ijerph-15-01910]\]. A high percentage of fast foods and carbonated drinks consumption may be one of the reasons of high prevalence of overweight and obesity as well as high percent body fats in international students.

Nutritional status based on BMI was associated with different determinants. In the present study, we found that BMI increases with increase in educational levels. These findings were in contrast with previous finding which states an inverse association between education and BMI \[[@B42-ijerph-15-01910]\]. The reason may be the difference between the target populations of the two studies. Also, possibly university students adopt more sedentary life style with increase in an educational level. Inline to our findings, Deng et al. also reported the high prevalence of overweight and obesity in students with high educational levels \[[@B43-ijerph-15-01910]\]. We found a negative association of sleeping duration with BMI, these results was consistent with an earlier study \[[@B44-ijerph-15-01910]\]. In our study, there was negative association of BMI with physical exercise. Earlier, a study found that lower levels of physical activity leads to increase risk of excess weight \[[@B45-ijerph-15-01910]\]. Our finding that nutritional KAP scores had an inverse association with BMI was in accord to a previous study, where negative association of nutritional knowledge with BMI has been reported \[[@B46-ijerph-15-01910]\]. Up to our best knowledge, this is the first study, which found an inverse association between nutritional KAP scores and BMI in medical students in China.

Certain limitations of our study should be account. Data regarding demography, KAP and FFQ were self-reported, especially recalling frequency for each food over one month may have bias. Another limitation of the study is its observational content, only focus on the current status of both international and Chinese students. Nevertheless, the current study is the first attempt to compare nutritional status, KAP and dietary intake between international and Chinese students.

5. Conclusions {#sec5-ijerph-15-01910}
==============

Our findings highlight that international students have lower nutritional KAP scores, life style, nutritional status, and poor eating practices as compare to local Chinese students. Keeping these highlights in mind, our findings suggest proper nutrition education and knowledge about healthy food practices, that beneficial for improving nutritional and healthy behaviors in international students.
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ijerph-15-01910-t001_Table 1

###### 

Baseline characteristics of international and Chinese students.

  Variables                              International   Chinese      *p* Value
  ------------------- ------------------ --------------- ------------ -------------
  Age (years)                            20.7 ± 2.3      19.8 ± 1.3   \<0.001 ^a^
  Sex                 Male               110 (35.7)      115 (29.3)   0.069 ^b^
  Female              198 (64.3)         278 (70.7)                   
  Education           1st year           89 (28.9)       58 (14.8)    \<0.001 ^b^
  2nd year            79 (25.6)          164 (41.7)                   
  3rd year            79 (25.6)          132 (33.6)                   
  4th year            61 (19.8)          39 (10.0)                    
  Financial status    Not satisfactory   3 (1.0)         12 (3.1)     0.015 ^b^
  Satisfactory        225 (72.4)         307 (78.1)                   
  Very good           80 (26)            74 (18.8)                    
  BMI (Kg/m^2^)       \<18.5             34 (10.9)       65 (16.5)    \<0.001 ^b^
  18.5--24.9          196 (63.2)         289 (73.5)                   
  25.0--29.9          50 (16.1)          30 (7.6)                     
  \>30                28 (9.0)           9 (2.3)                      
  Sleeping time       \<4 h/d            5 (1.6)         3 (0.8)      \<0.001 ^b^
  4--6 h/d            103 (33.4)         19 (4.8)                     
  6--8 h/d            182 (59.1)         336 (85.5)                   
  \>8 h/d             18 (5.8)           35 (8.9)                     
  Physical exercise   ≥5 days/week       61 (19.8)       80 (20.4)    0.195 ^b^
  3--4 days/week      93 (30.2)          96 (24.4)                    
  1--2 days/week      98 (31.8)          152 (38.7)                   
  No exercise         56 (18.2)          65 (16.5)                    
  Total                                  308 (43.9)      393 (56.1)   

^a^ Independent *t* test, ^b^ Chi square test. Data are expressed as Mean ± SD, and n (%). h/d = hours/day.

ijerph-15-01910-t002_Table 2

###### 

Comparison of anthropometric and life style variables between males and females in international and Chinese students.

  Variables                        International Students   Chinese Students                                                                       
  ------------------- ------------ ------------------------ ------------------ ------------ ------------ ------------- ------------- ------------- -------------
  Percent body fats   21.1 ± 7.5   33.1 ± 6.9               0.001 ^a^          18.0 ± 6.2   27.9 ± 4.8   \<0.001 ^a^   0.001 ^a^     \<0.001 ^a^   
  BMI (kg/m^2^)       22.8 (5.2)   21.5 (4.5)               0.02 ^b^           21.0 (3.8)   20.5 (3.3)   \<0.001 ^b^   \<0.001 ^b^   \<0.001 ^b^   
  Sleeping time       \<4 h/d      3.6                      0.5                0.079 ^c^    0.0          1.1           0.227 ^c^     \<0.001 ^c^   \<0.001 ^c^
  4--6 h/d            34.5         32.8                                        7.8          3.6                                                    
  6--8 h/d            53.3         62.1                                        83.5         86.3                                                   
  \>8 h/d             8.2          4.5                                         8.7          9.0                                                    

^a^ Independent *t* test, ^b^ Mann Whitney test, ^c^ Chi square test, P1 = *p* valve after comparison of international male with Chinese male students, P2 = *p* valve after comparison of international male with Chinese female students. Data are expressed as Mean ± SD, Median (IQR), and %. h/d = hours/day.

ijerph-15-01910-t003_Table 3

###### 

Association of determinants with nutritional status.

  Determinants of BMI      Univariate Analysis   Multivariate Analysis            
  ------------------------ --------------------- ----------------------- -------- -------
  Sex                      −1.035                0.001                   −0.724   0.022
  Age                      0.262                 0.001                   0.177    0.052
  Educational level        0.426                 0.005                   0.365    0.036
  Financial status         0.121                 0.694                            
  Sleeping duration        −0.752                0.007                   −0.562   0.047
  Physical exercise        −0.247                0.094                   −0.311   0.036
  Nutritional KAP scores   −0.208                0.008                   −0.203   0.012
